In the study of electromagnetic radiation effects over dielectric bodies, effective numerical methods are needed. At present, there is a lack of tools for measuring this effects and due to the huge growth of microwave devices, like cellular radio telephones working close to the human body, it is necessary to develop accurate numerical methods for evaluating those effects. One of the most efficient and extensively used method is the FFT-CGM (Fast-Fourier-Transform Conjugate Gradient Method). In this paper, algorithms for solving the two-dimensional scattering of transversal magnetic (TM) and transversal electric (TE) polarized waves by a lossy dielectric and metallic objects are presented. At the same time, the SAR (Specific Absorption Rate) of tissues and the modified radiation diagrams when the body is present are obtained from the diffracted fields.
Introduction
The development of biological applications in electromagnetics and the study of the radiation effects require fast and accurate methods for the computation of electromagnetic fields inside inhomogeneous lossy dielectrics exposed to a known incident field. The case of metallic structures is interesting too. Analytical solutions exist only for simple geometries such as the cylindrical and the spherical ones. Those solutions are mainly used to check the accuracy and behaviour of numerical results.
Scattering by inhomogeneous lossy dielectric and metallic bodies can be solved by using global or local techniques. In this paper the global ones, that use wave expansion functions and the integral equation over the domain of the object, have been used. Approaches for the 2-D TM and TE polarized cases have been implemented and tested.
Description of the Algorithms
In the TM case the integral equation can be expressed as -i E(F E (E(n4 e-e-°(r -E(rG FDrr 1 COt (1) with , the incident field, E(fl, the diffracted field and 9S(O, the scattered field. The Green's function, G(ltiriI), is given by G(Ir-r1)-= I H?)(k0JrF-r-J) (2) 4j Equation (1) can be solved by using the method of moments with pulse expansion functions and point matching, Richmond [1] . This method reduces the integral equation to a linear system and requires a matrix inversion, that can be optimized in computational time and memory storage by using the FFT algorithm and the iterative CGM, Borup and Gandhi [2] .
In the TE case, the integral equation is expressed in terms of the electric flux rather than the electric field because it is continuous at the discontinuity interface between media of different permittivities -q +( .+gradifv) e-er) D3 In the presence of metallic bodies, it is necessary to express the former equations in terms of the density current in order to avoid singularities in the integral equations in both TM and TE cases.
Density currents should be used over the metallic surfaces but it is not possible to do so, owing to the discretization introduced, Joachimowicz and Pichot [4] . Thus, real scattered fields are obtained from non-physical volumetric density currents defined on each cell of the body. For instance, in the TM case
This equation is only valid inside the body, because in the outside medium the term 1/(£0-e(r)) yields to a singularity.
Moreover, tsl_)=-i(rt) must be forced into the metal where the total field has to be zero.
Specific Absorption Rate (SAR)
One way of measuring the power effects of the electromagnetic radiation inside biological bodies is the SAR (Specific Absorption Rate). Because of the power absorption distribution is highly dependent on electrical conductivity levels in tissues, the SAR is a function of the conductivity, the density and the electrical field
With good discretized models of biological bodies, the effects of radiation inside them, for instance the dissipation power dissipated by cellular phones in the head, can be evaluated, in terms of SAR, from diffracted fields. is the Green's function using the asymptotic form of the Hankel function for large arguments.
In both TM and TE cases, the FFT cannot be implemented because the convolution involves points inside and outside the body.
Numerical Results
Numerical results for both the TM and TE cases are presented. For the TM case a two-layered dielectric and metallic core cylinder has been studied. The inner layer (radius 1.4 cm) is metallic, the intermediate one (radius 3.0 cm) is a dielectric with a permittivity of 5.0-j8.3 and the outer one (radius 4.8 cm) has a permittivity of 26.7-jO.l. The external medium is water with a permittivity of 78.6-ji.5. The emitter antenna is placed at 15.0 cm and a circular receiver array at 10.0 cm. A discretization of 0.1 X has been used. Fig. I shows two radial cuts of the diffracted field inside the cylinder in comparison with the theoretical ones. Fig. 2 shows the scattered field in a circular grid of 64 points around the body compared with the exact solution. The incident field is a 2 GHz cylindrical wave generated by a current of 1 A/m.
For the TE case a two-layered dielectric cylinder has been studied and radial cuts of the total field are presented in Figs.3  and 4 . The inner layer (Mdius 9.4 cm) has a permittivity of 5.7-j2.99 and the outer (radius 15.0 cm) 54-j83.92. The incident wave is a 300 MHz plane wave of 1 V/m and the external medium is the vacuum. A discretization of 0.1 X has been used too.
One SAR image of a human head is included in Fig. 5 . The incident field is a 1.89 GHz cylindrical wave generated by a current of 3 mA/m with lateral incidence and placed at 3.0 cm from the ear. Fig. 6 shows the magnitude of head tissues permittivity used in the numerical model.
The experimental measurement of the radiation pattern of a short monopole antenna in the presence of a phantom human head is presented in Fig. 7 , Tbrres et al. [5] . The same radiation pattern is computed with the TM algorithm described above and the results are shown in Fig. 8 . The main difference is in the opposite side of the antenna because in the simulated case, and with the bidimensional approximation, the head has been modeled as an infinite length cylinder with the section of the real head, producing a higher attenuation in the radiated fields. In the anechoic chamber measurement the phantom is not infinite and, consequently, the attenuation introduced is lower. The radiation pattern has a gain of about 4.0 dB in the antenna side in both cases. 
Conclusions
Effective algorithms for computing the fields for the TM and TE cases inside lossy dielectric and metallic bodies are presented yielding excellent agreement with the analytical results.
Moreover, tools for evaluating SAR and radiation diagrams are obtained. There are some limitations in the validity of the diagrams due to the bidimensional approximation employed. This bidimensional algorithms are in the process of extension to the 3-D case and would be a useful tool for the mobile communications antenna design and for the study of power dissipation inside biological tissues. Another future direction is the modelling of the antenna and its feed, because at this moment it has been supposed that the near-field radiation of the antenna is not affected by the presence of the human head. 
